In this experiment the response to niacin supplementation was evaluated. Twelve multiparous Holstein cows were used in a replicated 4 × 4 Latin square statistical model in four 24 d periods as replicates. At the onset all the cows were in early lactation with days in milk (DIM) at 60.1 ± 16.1 and an average milk yield of 31.4 ± 5.44 L/d. The treatments were: N0 -control (no niacin supplement); N1 -control + 12 g niacin/d; N2 -control + 14 g niacin/d and N3 -control + 16 g niacin/d. Means were compared with the Duncan ' s least range test. Milk yield, fat-corrected milk (FCM, 3.5%) and total solids percentage (TS) were significantly higher in the N2 compared to the other treatments. There were no significant differences between treatments in milk fat and milk lactose percentages, but milk fat yield was significantly higher and milk fat percentage numerically higher in the N2 than in the other treatments. Milk protein yield and percentage were highest in N2, but milk protein percentage was not significantly different between the N2 and N1 treatments. Milk solids non-fat (SNF) percentage was the highest for N2. Evaluation of blood plasma parameters showed that 14 g niacin (N2) supplementation resulted in a significantly higher glucose concentration and the lowest ß-hydroxybutyrate (BHBA) and nonesterified fatty acids (NEFA) concentrations as compared to the other treatments. This study suggested that the optimal level of niacin supplementation was 14 g niacin/cow/d. .
Introduction
Vitamins are organic compounds that are essential for life but required in minute quantities. To date 14 vitamins have been discovered, though not all animal species require all of these 14 vitamins. Niacin is effective for early lactation cows that experience a negative energy balance (Weiss & Gonzalo, 2006) . Marginal deficiency symptoms of niacin are emaciation, reduced growth, milk production and reproduction, and increased susceptibility to infectious diseases (Weiss & Gonzalo, 2006) . The vitamins of the B complex perform key roles in the body as enzyme cofactors and/or metabolic agents, for example, about half the propionate that arrives at the ruminant liver is changed into glucose by enzymatic reactions that require Bvitamins such as biotin, niacin, pantothenic acid and riboflavin for this conversion (Schwab & Shaver, 2004; Schwab & Shaver, 2006) . It has been well established that the B-vitamins are synthesized by the microflora in the rumen (Schwab & Shaver, 2004; Schwab & Shaver, 2006) . However, niacin can also be synthesised in the body from tryptophan; requiring 34 to 86 mg of tryptophan to synthesize 1 mg of niacin (Firth & Johnson, 1956; Goldsmith et al., 1961) . Of all the vitamins, the dietary supply of vitamins A (ß-carotene) and E to dairy cattle is essential (Weiss & Gonzalo, 2006) . However, in recent years positive responses to the supplementation of some of the B vitamins in ruminants have been reported. It has been suggested that, due to the improvement in the genetic potential of dairy cows in recent years, their requirements tend to exceed the capacity of rumen microorganisms to synthesize sufficient vitamins of the B complex (Weiss & Gonzalo, 2006) .
Research has shown that niacin supplementation reduced non-esterified fatty acid (NEFA) and ß-hydroxybutyric acid (BHBA) concentrations in the blood plasma of dairy cows by increasing the glucose levels in the serum (Dufva et al, 1983) . One of the methods of preventing ketosis is the supplementation of niacin, and using it together with a glycogenic precursor such as propylene glycol or sodium propionate (Horwitt et al., 1981; Overton & Waldron, 2004; Weiss & Gonzalo, 2006) . In some investigations (Jaster & Ward, 1990; Young & Smith, 1994) niacin supplementation during the transition period resulted in an increased milk production and milk fat percentage as well as a decrease in serum BHBA concentration (Dufva et al, 1983; Grummer, 1993; Minor et al, 1998) . Fronk & Schultz (1980) administration elicited some beneficial effects postpartum by increasing energy intake and inhibiting lipolysis. They illustrated that 12 g/d of nicotinic acid increased both daily milk production and glucose, and decreased blood ketone bodies in cows affected by ketosis. In addition, an increased dosage level resulted in decreased NEFA concentrations in comparison to an unsupplemented control. Although the mechanism by which nicotinic acid or nicotinamide causes these changes in ruminants is not clearly defined, the ability of nicotinic acid to alleviate incidences of ketosis is related to its metabolic capacity to suppress NEFA mobilization from fat deposits and increased blood glucose concentrations. However, the cause of this increase is not clear, though could be related to increased blood glucose concentrations or reduced transition of blood glucose or both (Fronk & Schultz, 1980) . Minor et al. (1998) reported no effect of niacin supplementation to dairy cows before parturition on subsequent milk production, in spite of an improved energy and dry matter intake (DMI). In other investigations in which the effect of niacin supplementation was evaluated, it was concluded that niacin supplementation increased the production of fat-corrected milk (FCM, 3.5%). They also reported increased serum glucose and decreased BHBA and NEFA concentrations (Fronk & Schultz, 1980) . In some studies, niacin supplementation did not affect milk fat yield, milk protein yield or solid not fat (SNF) concentrations (Bernard et al., 1995; Doreau & Ottou, 1996) , though it has been suggested that the response is related to stage of lactation. A consequence of fat supplementation is a suppression of milk protein concentration. Niacin supplementation may alleviate the problem and increase milk protein yield (Driver et al., 1990; Young & Smith, 1994; Rebecca et al., 1997) . However, these results are not in agreement with some other reports (Bernard et al., 1995) . Zimmerman et al. (1992) evaluated the effect of niacin supplementation together with level of acid detergent fibre (ADF) in the diet. This experiment showed that niacin supplementation increased blood glucose and decreased BHBA and NEFA concentrations. The objective of the present study was the evaluation of niacin supplementation at levels that have not been assessed in previous studies with dairy cows, to find an optimum level of supplementation.
Materials and Methods
Twelve multiparous Holstein cows were assigned to one of four diets in a complete randomized 4 × 4 Latin square experimental design in four 24 d periods as replicates. The average pre-experimental milk yield of the cows was 31.4 ± 5.44 L/day, and all of cows were in early lactation (60.1 ± 16.1 days in milk, DIM). A period in the experiment consisted of a 14-day adaptation period followed by a 10-day recording and sampling period. Treatments were: N0 -control (no niacin supplement); N1 -control diet plus 12 g niacin supplement/d; N2 -control diet plus 14 g niacin supplementation/d; N3 -control diet plus 16 g niacin supplement/d. Niacin was weighed on a digital scale and dosed orally. The composition of the control diet is shown in Table 1 . This experimental diet was fed from 30 days before the start of the experiment to adapt the cows to the diet.
Milk samples were analyzed for milk lactose, fat, protein, total solid (TS) and solid non-fat (SNF) concentrations by the Milkoscan system (Foss Electric Hillerod, 133B Milkoscan, Denmark). Blood samples were centrifuged at 2000 rpm for 10 min and plasma glucose, BHBA and NEFA concentrations were measured, using analytical kits (Man Company). Glucose concentration was measured using an enzymatic method with glucose oxidize (Man company, Iran), and BHBA concentration, using an UV method (RANDOX, cat no. RB 1007) that is based on the oxidation of BHBA to acetoacetate. NEFA concentration (RANDOX, cat no. FA 115 and 30 t) was analyzed with an enzymatic method in which the continuous change of enzymes resulted in H 2 O 2 production.
The data was analysed by multiple regression analysis. The statistical model is as follows:
Where Y ijklm is the number of each observation; µ the total average; R i the effect of time period; C j the effect of diet; T k the effect of cow; M l the effect of square (replication of experiment); RE m the residual effect of previously fed diet and e ijklmn the effect of factors that were not controlled. The cows were milked three times daily. During the experimental phase in each period, total milk yield was recorded for all cows and milk samples were taken. Potassium dichromate was added as a milk preservative (Hang & Hayes, 1982) . Blood samples were taken on the last day of each period. 
Results and Discussion
The response to niacin supplementation on milk yield and milk components is shown in Table 2 . In this experiment there were differences (P <0.05) in milk and FCM yields between treatments. This is in agreement with other studies in which the highest level of niacin supplementation was 12 g/d (Jaster & Ward, 1990; Young & Smith, 1994) . Cows in these studies were in early lactation and had negative energy balances. However, these results are not in agreement with other reports (Driver et al., 1990; Christensen et al., 1992; Campbell et al., 1994; Bernard et al., 1995; Ottou et al., 1995) , though, with the exception of one of these experiments, niacin was supplemented with a fat supplement or oilseeds. Campbell et al. (1994) evaluated the kinetics of niacin supplementation and its effect on lactation. It is important to note that the level of niacin supplement in their experiment was 12 g/d, the same as the second level (N2) of niacin supplementation in the present study. However, the cows in that experiment were not in early lactation. Our results showed that 14 g niacin/d (N2) had the greatest effect and the control the lowest means for FCM and milk yield.
In the present study there was no difference (P >0.05) in milk fat content between treatments. This is in agreement with most other research (Driver et al., 1990; Jaster & Ward, 1990; Martinez et al., 1991; Christensen et al., 1992; Zimmerman et al., 1992; Campbell et al., 1994; Bernard et al., 1995; Ottou et al., 1995; Minor et al., 1998) . However, Young & Smith (1994) differences between niacin treatments. The low milk fat content in our study may be attributed to heat stress (37 ± 6 °c) during the experimental period, and that early lactation cattle were used in the trial. The milk protein percentage in treatment N2 (14 g niacin/d) was higher (P <0.05) than in the control and N1 treatments. The same pattern was for N3 in comparison with the control and N1 (P <0.05). Also, the milk protein percentage in the N2 treatment was only numerically higher than in N3. These results were similar to those of Driver et al. (1990) and Christensen et al. (1992) in studies where niacin was supplied with a fat supplement. The major consequence of fat supplementation was a decreased milk protein yield, because niacin supplementation suppressed the effect of fat supplementation; though we observed that protein yield increased compared with the control (Table 2) . Different results were observed in other studies (Martinez et al., 1991; Campbell et al., 1994; Ottou et al., 1995; Minor et al., 1998) , though in these studies the niacin supplement was offered together with other supplements (Drackley, 1992 , Driver et al., 1990 Erickson et al., 1990) , or the cows were not in early lactation (Campbell et al., 1994; Ottou et al., 1995; Minor et al., 1998) . Similar to other studies there was no significant difference (P >0.05) in milk protein percentage in the present study between N1 and the control. The highest milk protein percentage was recorded in the N2 and the lowest in the N1 treatments.
Niacin supplementation did not affect milk lactose concentration (P >0.05), in agreement with other research (Christensen et al., 1992; Bernard et al., 1995; Ottou et al., 1995; Minor et al., 1998) .
In the present study total solid (TS) percentage in milk was not affected by niacin supplementation. This is not in agreement with the studies of Young & Smith (1994) , Bernard et al. (1995) and Minor et al. (1998) where niacin was supplemented with other ingredients such as calcium salt of fatty acids, non-fibre carbohydrates or heat-treated soyabeans. In one study, (Young & Smith, 1994) , the experimental cows were not in early lactation. The highest total milk solid percentage in the present study was found in treatment N2 (14 g niacin/d) and the lowest in the control.
Feeding 16 g niacin/d (N3) resulted in a lower (P <0.05) solid non-fat (SNF) percentage in milk than when 12 g niacin/d (N2) was fed. Although these results are not in agreement with those of Driver et al. (1990) , Erickson et al. (1990) , Bernard et al. (1995) and Doreau & Ottou (1996) , in two of these trials niacin supplement was offered alone, but some factors could have led to the inverse results, e.g. the cows were not in early lactation or level of niacin supplementation was not high enough to cause significant changes (Jaster & Ward, 1990; Campbell et al., 1994) . Furthermore, in some studies the niacin supplement was offered with other ingredients such as non-fibre carbohydrate sources (Martinez et al., 1991) , and in another, rapeseed oil. Furthermore, the level of niacin supplementation (6 g/d) could have been too low to be effective (Erickson et al., 1990) .
The highest (P <0.05) milk fat yield was observed in the 14 g niacin/d treatment (N2). Rebecca et al. (1997) reported an inverse result when 12 g niacin/d was fed. Differences between milk protein yields (P <0.05) were recorded between all treatments. The highest protein yield was recorded in to the N2 (14 g niacin/d) treatment and the lowest in the control. This is in agreement with other research (Driver et al., 1990; Christensen et al., 1992; Young & Smith, 1994) . In their research the effect of niacin supplementation was evaluated with other ingredients (fat supplement, heattreated soyabean and calcium salts of fatty acids, respectively). Furthermore, except for one study (Young & Smith, 1994) , in two other trials the cows were in early lactation (Driver et al., 1990; Christensen et al., 1992) . In studies where results differed from the present study (Jaster & Ward, 1990; Martinez et al., 1991; Campbell et al., 1994; Bernard et al., 1995; Ottou et al., 1995) the niacin supplement was offered with other ingredients such as heat-treated soyabean, fat and rapeseed oil (Martinez et al., 1991; Bernard et al., 1995; Ottou et al., 1995) . Further reasons for different results could be differences in stage of lactation (cows were not in early lactation) and low levels of niacin supplementation.
Data on blood parameters are shown in Table 3 . The blood plasma glucose concentration was higher (P <0.05) in treatment, N2 (14 g niacin/d), compared to the control. This is in agreement with some other studies (Doreau & Ottou, 1996) , but differed from results reported by Driver et al. (1990) , Christensen et al. (1992) , Zimmerman et al. (1992) , Young & Smith (1994) and Minor et al. (1998) . However, in all these studies the niacin supplement was offered with other ingredients such as fat supplement, protein and nonfibre carbohydrates. Furthermore, low levels of niacin supplementation and a later stage of lactation might have contributed to different results. ab Means with no common superscript in the same row differ significantly (P <0.05).
The lowest concentrations of plasma BHBA and NEFA were found in cows on the N2 (14 g niacin/d) treatment and the highest in the control. This is in agreement with the results of Schwab & Shaver (2006b) , but different from those reported by Driver et al. (1990 ), Campbell et al. (1994 , Bernard et al. (1995) and Minor et al. (1998) . The major reason may be related to stage of lactation, i.e. cows not in early lactation.
Conclusions
Niacin supplementation is most effective when cows are in early lactation. It is considered that niacin supplementation would reduce the harmful effects of a negative energy balance. Niacin supplementation may reduce metabolic disorders such as ketosis and fatty liver which can affect longevity and productivity in dairy cattle. Niacin may affect fat metabolism. However, fat metabolism is affected by hormonal regulations, too. Previous research on niacin supplementation evaluated responses at relatively low levels of supplementation, viz. 6/d and 12 g niacin/d. In the present study niacin supplementation was evaluated at higher levels and it was concluded that 14 g niacin/d was the most effective level of supplementation. Economic responses to the use of niacin supplementation and more research on the physiology of niacin responses are points that need further investigation.
